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1
VARIATOR OUTPUT GEARSET

FIELD

The present disclosure relates to a variator output gearset
for an infinitely variable transmission or a continuously
variable transmission.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may or may
not constitute prior art.

A continuously variable transmission (“CVT”) typically
includes gearing that operatively couples a variator between
a rotary power source, such as an engine or electric motor,
and a final drive unit. The variator includes a rotary input
disk and a rotary output disk which are able to steplessly or
continuously vary the ratio of an input speed to an output
speed (the “variator ratio”). The overall speed ratio provided
by the CVT is a function of the variator ratio and the
associated gearing. The output disc includes integrally
formed gear teeth that are in mesh with and drive a corre-
sponding gear. The gear in turn is functionally coupled to an
output shaft or layshaft that is functionally coupled to the
final drive unit. Another type of stepless transmission
includes the infinitely variable transmission (IVT). The IVT
is similar to the CVT in that an engine drives the variator
input discs while a layshaft takes the drive from the variator
via a metal belt or gears. However, while a typical CVT
includes a starting device such as a launch clutch, a typical
IVT uses a gear system to provide launch from rest.

CVT and IVT designs are optimized to minimize axial
length and mass. Accordingly, the gearing on the output disc
of the variator has minimized gear teeth face width in order
to minimize the axial length of the CVT/IVT. In addition,
this gearing is often designed with a low helix angle in order
to minimize variator thrust loads and thus enable small
bearings and provide a more compact variator system. The
combination of narrow face width and low helix angle may
lead to the gear pair to have an insufficient contact ratio. This
in turn places the gear pair at a higher risk for noise and
strength concerns.

One solution to the above problems is to increase the
width of the variator disk (i.e. the gear width). However, this
will increase the variator axial length, mass, and may require
the variator radius to increase as well. Another solution is to
increasing the helix angle of the gear teeth on the variator
disc. However, this will increase the thrust load thus requir-
ing more axial length due to the need for stronger bearing
support.

Therefore, there is a need in the art for a variator output
gear set that provides adequate contact ratio while minimiz-
ing variator axial length and mass.

SUMMARY

A variator assembly fora CVT or an IVT is provided. The
variator assembly includes an input shaft that defines an axis
of rotation, an input disc rotationally coupled to the input
shaft and coaxial with the axis of rotation, and an output disc
rotationally coupled to the input disc and coaxial with the
axis of rotation. The output disc includes a distal portion
having an axial width. A gear is connected to the distal
portion of the output disc. The gear has a plurality of gear
teeth each having a gear tooth face width that is greater than
the axial width of the distal portion of the output disc.
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In one aspect the distal portion is located radially out-
wardly of the input shaft.

In another aspect the gear is removably connected to the
output disc.

In yet another aspect the gear includes a disc portion and
an annulus connected to the disc portion that is extended
radially inwardly from the disc portion.

In yet another aspect the plurality of gear teeth are
disposed on an outer radial surface of the gear.

In yet another aspect the output disc is rotationally
coupled to the input disc via a plurality of rollers.

In yet another aspect the gear is attached to the output disc
by at least one bolt.

In yet another aspect the gear is attached to the output disc
by at least one screw.

In yet another aspect the gear is attached to the output disc
by at least one weld.

In yet another aspect the gear is attached to the output disc
by at least one screw and at least one weld.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

The drawings described herein are for illustration pur-
poses only and are not intended to limit the scope of the
present disclosure in any way.

FIG. 1 is a schematic diagram of an exemplary powertrain
for a motor vehicle according to the principles of the present
invention;

FIG. 2 is an end view of a output disc of a variator and
variator output gear according to the principles of the
present invention;

FIG. 3 is a cross-section view of the output disc and
variator output gear viewed in the direction of arrows 3-3 in
FIG. 2,

FIG. 4A is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4B is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4C is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4D is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4E is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4F is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc;

FIG. 4G is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc; and

FIG. 4H is a cross-section view of an alternate configu-
ration for attaching the variator output gear to the output
disc.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, applica-
tion, or uses.
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With reference to FIG. 1, a powertrain for a motor vehicle
is generally indicated by reference number 10. The pow-
ertrain 10 generally includes an engine 12 interconnected
with a transmission 14. The engine 12 may be a conventional
internal combustion engine or an electric motor, or any other
type of prime mover, without departing from the scope of the
present disclosure. The engine 12 supplies a driving torque
to the transmission 14 through, for example, a flexplate (not
shown) or other connecting device or a starting device (not
shown) such as a hydrodynamic device or launch clutch.

The transmission 14 is a toroidal-type infinitely variable
transmission (IVT) or a toroidal-type continuously variable
transmission (CVT). The transmission 14 includes a typi-
cally cast, metal housing 16 which encloses and protects the
various components of the transmission 14. The housing 16
includes a variety of apertures, passageways, shoulders and
flanges which position and support these components. Gen-
erally speaking, the transmission 14 includes a transmission
input shaft 20 and a transmission output shaft 22. Connected
between the transmission input shaft 20 and the transmission
output shaft 22 is a gearbox 24 configured to provide
forward and reverse speed or gear ratios between the trans-
mission input shaft 20 and the transmission output shaft 22.
The transmission input shaft 20 is functionally intercon-
nected with the engine 12 and receives input torque or power
from the engine 12. The transmission output shaft 22 is
preferably connected with a final drive unit 25 which
includes, for example, a propshaft, a differential assembly,
and drive axles connected to wheels, etc. The transmission
input shaft 20 is coupled to and provides drive torque to the
gearbox 24.

The gearbox 24 generally includes one or more toroidal
variators, gear sets, clutches and/or brakes, and shafts. For
example, the gearbox 24 includes a variator 26 intercon-
nected with a gear 27. The variator 26 is illustrated as a
toroidal race rolling type variator. However, it should be
appreciated that various other types of variators may be
employed without departing from the scope of the present
invention. The variator 26 includes a first input disc 28 and
a second input disc 30. The first input disk 28 includes a
toroidal outer surface or first input race 28 A and the second
input disk 30 includes a toroidal outer surface or second
input race 30A. Disposed between the first and second input
races 28A, 30A is an output disk 32. The output disk 32
includes a toroidal outer surface or first output race 32A and
a toroidal outer surface or second output race 32B. The first
output race 32A is disposed opposite the first input race 28A
and the second output race 32B is disposed opposite the
second input race 30A. The first input race 28A and the first
output race 32A cooperate to define a first toroidal cavity 38
and the second input race 30A and the second output race
32B cooperate to define a second toroidal cavity 40. Each of
the disks 28, 30, and 32 share a common rotational axis
defined by a variator shaft 42. The variator shaft 42 is
functionally interconnected to the transmission input shaft
20 and therefore receives drive torque from the engine 12.
The input disks 28 and 30 are rotationally coupled to the
variator shaft 42 and transfer drive torque to the output disk
32 via a plurality of rollers 50 and 52.

For example, the first cavity 38 includes the plurality of
rollers 50 and second cavity 40 includes the plurality of
rollers 52. Typically each of the first and second cavities 38
and 40 include two or three rollers 50 and 52, though it
should be appreciated that any number of rollers may be
employed without departing from the scope of the present
invention. Each of the rollers 50, 52 are mounted for rotation
about a roller axis and rolls upon the toroidal races 28A,
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32A, 32B, and 30A of its associated input and output disks
28, 30, and 32 to transfer drive from the input disks 28 and
30 to the output disks 32. Changes in variator drive ratio are
achieved by precession of the rollers 50, 52 such that the
roller’s axis is able to turn to change the inclination of the
roller axis to the variator axis. Precession of the rollers 50,
52 results in changes of the radii of the paths traced upon the
races 28A, 32A, 32B, and 30A by the rollers 50, 52 and
hence result in a change of variator drive ratio between the
input disks 28 and 30 and the output disk 32.

The output disk 32 includes a central, radially distal
portion 54 disposed between the races 32A and 32B. A
variator output gear 60 is coupled to the distal portion 54.
The variator output gear 60 is intermeshed with the gear 27.
The gear 27 is functionally interconnected with the trans-
mission output shaft 22 and supplies drive torque from the
variator 26 and variator output gear 60 to the transmission
output shaft 22 and therefore the final drive unit 25.

With reference to FIGS. 2 and 3, the variator output gear
60 is substantially “I” shaped with a disk portion 60A
having a radially inwardly extending annulus 60B. A plu-
rality of gear teeth 62 are formed by various manufacturing
processes along an outer circumferential surface 64 of the
disk portion 60A. The gear teeth 62 are configured to
intermesh with the gear 27.

The variator output gear 60 may be rotationally coupled
to the distal portion 54 in various configurations. For
example, the distal portion 54 of the output disk 32 includes
a first side 54A, a second side 54B, and an outer circum-
ferential end surface 54C. In one example, the annulus 60B
is in contact with the second side 54B and a plurality of axial
bolts 70 couple the annulus 60B to the distal portion 54. The
disk portion 60A has an inner diameter approximately equal
to the diameter of the outer circumferential end surface 54C
of the distal portion 54. However, the disk portion 60A has
a width greater than a width of the distal portion 54.
Accordingly, the gear teeth 62 have a gear face width “w”
greater than the width of the distal end 54. The larger gear
face width increases the contact ratio and strength between
the variator output gear 60 and the gear 27 without impact-
ing the radial or axial length of the output disk 32 of the
variator 26.

In addition, the separated variator output gear 60 allows
the variator output gear 60 and the output disk 32 to be
manufactured and heat treated using different materials and
processes in order to optimize their individual performance
characteristics. Also, using a separate variator output gear 60
allows different output gears to be connected to the output
disk 32 without changing the output disk 32, thereby allow-
ing for greater gear ratio flexibility for a given application.
Finally, it should be appreciated that while the output gear
60 has been described coupled to the output disk 32, the
present invention contemplates that the output gear 60 may
be an input gear and may be coupled to any of the disks of
the variator 26.

FIG. 4A illustrates an alternate configuration for attaching
the variator output gear 60 to the output disk 32. In this
configuration, the annulus 60B is in contact with the first
side 54 A of the distal portion 54 and the plurality of axial
bolts 70 couple the annulus 60B to the distal portion 54.

FIG. 4B illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
second side 54B of the distal portion 54 and the annulus 60B
is coupled to the distal portion 54 via a plurality of screws
or rivets 72.
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FIG. 4C illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
first side 54 A of the distal portion 54 and the annulus 60B
is coupled to the distal portion 54 via the plurality of screws
or rivets 72.

FIG. 4D illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
second side 54B of the distal portion 54. A first weld 74A
secures the annulus 60B to the second side 54B while a
second weld 74B secures the inner annular surface of the
disk portion 60A to the first side 54A.

FIG. 4E illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
first side 54A of the distal portion 54. The first weld 74A
secures the annulus 60B to the first side 54A while the
second weld 74B secures the inner annular surface of the
disk portion 60A to the second side 54B.

FIG. 4F illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
second side 54B of the distal portion 54. A plurality of
screws or rivets 72 secures the annulus 60B to the second
side 54B while the second weld 74B secures the inner
annular surface of the disk portion 60A to the first side 54A.

FIG. 4G illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, the annulus 60B is in contact with the
first side 54 A of the distal portion 54. A plurality of screws
or rivets 72 secures the annulus 60B to the first side 54A
while the second weld 74B secures the inner annular surface
of the disk portion 60A to the second side 54B.

FIG. 4H illustrates yet an alternate configuration for
attaching the variator output gear 60 to the output disk 32.
In this configuration, variator output gear 60 does not
include the annulus 60B. A first weld 76 A secures the inner
annular surface of the disk portion 60A to the first side 54A
while a second weld 76B secures the inner annular surface
of the disk portion 60A to the second side 54B.

The description of the invention is merely exemplary in
nature and variations that do not depart from the gist of the
invention are intended to be within the scope of the inven-
tion. Such variations are not to be regarded as a departure
from the spirit and scope of the invention.

The invention claimed is:

1. A variator assembly for a transmission comprising:

an input shaft that defines an axis of rotation;

an input disc rotationally coupled to the input shaft and

coaxial with the axis of rotation;

an output disc rotationally coupled to the input disc and

coaxial with the axis of rotation, wherein the output
disc has a first side surface that transitions smoothly to
a first race and a second side surface that transitions
smoothly to a second race and has a distal end portion
having an axial width; and

a gear connected to the distal end portion of the output

disc, wherein the gear includes a disc portion and an
annulus connected to the disc portion that is extended
radially inwardly from the disc portion and is in contact
with the first side surface of the output disc, and
wherein the gear has a plurality of gear teeth each
having a gear tooth face width greater than the axial
width of the distal end portion of the output disc.

2. The variator assembly of claim 1 wherein the distal end
portion is located radially outwardly of the input shaft.
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3. The variator assembly of claim 1 wherein the gear is
removably connected to the output disc.

4. The variator assembly of claim 1 wherein the plurality
of gear teeth are disposed on an outer radial surface of the
gear.

5. The variator assembly of claim 1 wherein the output
disc is rotationally coupled to the input disc via a plurality
of rollers.

6. The variator assembly of claim 1 wherein the gear is
attached to the output disc by at least one bolt through the
annulus.

7. The variator assembly of claim 1 wherein the gear is
attached to the output disc by at least one screw or rivet
through the annulus.

8. The variator assembly of claim 1 wherein the gear is
attached to the output disc by at least one weld.

9. The variator assembly of claim 1 wherein the gear is
attached to the output disc by at least one screw and at least
one weld.

10. A transmission comprising:

an input shaft;

an output shaft;

a variator shaft operatively associated with the input shatft;

a variator having a first input disc and a second input disc
each rotationally coupled to the variator shaft and an
output disc disposed between the first and second input
discs and rotationally coupled to the first and second
input discs, wherein the output disc includes a first side
surface that transitions to a first race and a second side
surface that transitions to a second race and includes a
distal end portion having a width defined in an axial
direction;

a drive gear connected to the distal end portion of the
output disc, wherein the gear includes a disc portion
and an annulus connected to the disc portion that is
extended radially inwardly from the disc portion and is
in contact with the first side surface of the output disc,
and wherein the drive gear has an axial width greater
than an axial width of the distal end portion of the
output disc; and

a driven gear intermeshed with the drive gear and opera-
tively associated with the output shaft.

11. The transmission of claim 10 wherein the distal end
portion is disposed axially between the first and second input
discs.

12. The transmission of claim 10 wherein the distal end
portion is distal relative to the axis of rotation of the output
disc.

13. The transmission of claim 10 wherein the drive gear
has a plurality of gear teeth each having a gear tooth face
width greater than an axial width of the distal end portion of
the output disc.

14. The transmission of claim 10 wherein the gear is
removably connected to the output disc.

15. The transmission of claim 10 wherein the annulus is
attached to the first side surface of the output disc.

16. The transmission of claim 15 wherein the annulus is
attached to the first side surface of the output disc via at least
one of a bolt, a screw, and a weld.

17. A transmission comprising:

an input shaft;

an output shaft;

a variator shaft operatively associated with the input shatft;

a variator having a first input disc and a second input disc
each rotationally coupled to the variator shaft and an
output disc disposed between the first and second input
discs and rotationally coupled to the first and second



US 9,435,409 B2
7

input discs, wherein the output disc includes a first side
that transitions smoothly to a first race, a second side
that transitions smoothly to a second race, and an outer
circumferential end surface extended from the first side

to the second side, wherein the outer circumferential 5
end surface has a width defined in an axial direction
from the first side to the second side and wherein the
outer circumferential end surface has a constant radius
from the first side to the second side;

a drive gear connected to the output disc at the outer 10
circumferential end surface, wherein the drive gear is
axially centered on the outer circumferential end sur-
face and has an axial width greater than the axial width
of the outer circumferential end surface; and

a driven gear intermeshed with the drive gear and opera- 15
tively associated with the output shaft.
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